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Serial Number: 1 0/684224 Attorney's Docket #: TSM03-0403 
Filing Date: 10/10/2003; 

Applicant: Yu et al. 

Examiner: Alexander Williams 

Applicant's Amendment filed 1 1/10/04 to the election of Group I (original claims 1 
to 31 ), filed 7/12/05, has been acknowledged. 

Claims 4, 5, 16 and 32 to 56 have been cancelled. 

Claims 71 to 75 are rejected under 35 U.S.C. § 1 12, second paragraph, as being 

indefinite for failing to particularly point out and distinctly claim the subject matter which 

applicant regards as the invention. 

In claim 71 it unclear and confusing to what is meant by "The semiconductor 
device of claim 71 ." Applicant has this claim 71 depending on itself 71 . 

Any of claims 71 to 75 not specifically addressed above are rejected as being 

dependent on one or more of the claims which have been specifically objected to 

above. 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 

Patentability shall not be negatived by the manner in which the invention was made. 

This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
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under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(f) or (g) prior 
art under 35 U.S.C. 103(a). 

Initially, it is noted that the 35 U.S.C. § 103 rejection 
based on a barrier layer and a high temperature superconductor 
(HTS) layer deals with an issue (i.e., the integration of 
multiple pieces into one piece or conversely / using multiple 
pieces in replacing a single piece) that has been previously 
decided by the courts. 

In Howard v. Detroit Stove Works 150 U.S. 164 (1893), the 
Court held, "it involves no invention to cast in one piece an 
article which has formerly been cast in two pieces and put 
together . . . . 11 

In In re Larson 144 USPQ 347 (CCPA 1965), the term 
"integral" did not define over a multi-piece structure secured 
as a single unit. More importantly, the court went further and 
stated, "we are inclined to agree with the solicitor that the 
use of a one-piece construction instead of the [multi-piece] 
structure disclosed in Tuttle et al . would be merely a matter of 
obvious engineering choice" (bracketed material added) . The 
court cited In re Fridolph for support. 

In re Fridolph 135 USPQ 319 (CCPA 1962) deals with 
submitted affidavits relating to this issue. The underlying 
issue in In re Fridolph was related to the end result of making 
a multi-piece structure into a one-piece structure. Generally, 
favorable patentable weight was accorded if the one-piece 
structure yielded results not expected from the modification of 
the two-piece structure into a single piece structure. 
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Claims 57-63 and 67-75, insofar as some of them can be understood, are 
rejected under 35 U.S.C. 103(a) as being unpatentable over Lopatin (U.S. Patent # 
6,518,648 B1). 

57. Lopatin (figures 1 to 3) specifically figure 3 show a semiconductor device 
comprising: a dielectric layer 210,212 defining at least one aperture 204 therein; a 
barrier layer 232 (see column 5, lines 5, lines 30-35) formed along the bottom and 
side walls of said at least one aperture; a high temperature superconductor (HTS) layer 
232 (see column 5, lines 5, lines 30-35) formed over and coating the barrier layer in 
said at least one aperture; and a conductive material 234,236 in direct contact with said 
HTS layer and filling said aperture in said dielectric layer to form said connecting 
metalization. 

58. The semiconductor device of claim 57, Lopatin show wherein the dielectric layer is a 
low-k dielectric material. 

59. The semiconductor device of claim 57, Lopatin show wherein the barrier layer is a 
material selected from a group consisting of titanium, titanium nitride, tantalum, tantulum 
nitride, tungsten, tungsten nitride, and alloys and combinations of these materials. 

60. The semiconductor device of claim 57, Lopatin show wherein the HTS material is a 
rare earth cuprate (copper oxide) material. 

61 . The semiconductor device of claim 57, Lopatin show wherein the HTS material is a 
rare earth element combined with barium copper oxide. 

62. The semiconductor device of claim 61, Lopatin show wherein said rare earth 
element is selected from the group consisting of yttrium, samarium, neodymium, 
erbium, gadolinium, ytterbium, dysprosium, holnuum and lutetium. 

63. The semiconductor device of claim 61 , Lopatin show wherein the FITS material is 
yttrium barium copper oxide. 

67. The semiconductor device of claim 57, Lopatin show wherein the HTS layer has a 
thickness of between 1 0A to 500A. 

Note that the specification contains no disclosure of either the critical nature of the 
claimed dimensions or any unexpected results arising therefrom. Where patentability is 
said to be based upon particular chosen dimensions or upon another variable recited in 
a claim, the Applicant must show that the chosen dimensions are critical. In re 
Woodruff . 919 F.2d 1575, 1578, 16 USPQ2d 1934, 1936 (Fed. Cir. 1990). 

68. The semiconductor device of claim 57, Lopatin show wherein the conductive 
material is comprised of a material selected from a group consisting of copper, copper 
alloy, gold, silver, and compounds and combinations thereof. 

69. The semiconductor device of claim 57, Lopatin show wherein the aperture defined in 
said dielectric has a width less than about 300. 

Note that the specification contains no disclosure of either the critical nature of the 
claimed dimensions or any unexpected results arising therefrom. Where patentability is 
said to be based upon particular chosen dimensions or upon another variable recited in 
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a claim, the Applicant must show that the chosen dimensions are critical. In re 
Woodruff . 919 F.2d 1575, 1578, 16 USPQ2d 1934, 1936 (Fed. Cir. 1990). 

70. The semiconductor device of claim 57, Lopatin show wherein said at least one 
aperture includes at least two trenches. 

71 . The semiconductor device of claim 71 , Lopatin further comprising a capping layer 
over said conductive metal filling said at least one aperture. 

72. The semiconductor device of claim 71 , Lopatin show wherein said capping layer is 
an HTS capping layer. 

73. The semiconductor device of claim 71, Lopatin further comprising another dielectric 
layer over said first dielectric layer and said HTS capping layer. 

74. The semiconductor device of claim 74, Lopatin further including a hard mask over 
said HTS capping layer. 

74. The semiconductor device of claim 74, Lopatin said hark mask is a layer of ARC. 
Therefore, it would have been obvious to one of ordinary 



skill in the art to use the barrier layer and the HTS layer as 
"merely a matter of obvious engineering choice" as set forth in 
the above case law. 
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APPL-NO: 09/ 671944 

DATE FILED: September 27, 2000 

ABSTRACT: 

An integrated circuit and manufacturing method therefor is 
provided having a semiconductor substrate with a semiconductor 
device. A dielectric layer is on the semiconductor substrate 
and has an opening provided therein. A high temperature 
superconductor material barrier layer lines the opening and a 
seed layer is deposited to line the superconductor material 
barrier layer. A seed layer and a conductor core fills the 
opening over the barrier layer to form a conductor channel. The 
superconductor material barrier layer can be of yttrium 
barium copper oxide deposited by a process, such as laser 
ablation (LA) , chemical vapor deposition (CVD) , atomic layer 
deposition (ALD) , or self-ionized plasma (SIP) deposition on a 
low dielectric constant dielectric layer and having a copper 
seed layer deposited thereon by SIP deposition. 

(11) The barrier layers 226 and 232 are of high temperature 
oxide superconductor materials such as yttrium barium copper 
oxide. The materials are multi- layered ceramics and are 
considered "high temperature 11 because at temperatures of 

77. degree. -92. degree. Kelvin they are superconductive. 

(12) The low dj-eljectrijc constant dielectric layers 208, 212, and 
210 are of materials such as TEOS rtetraethoxysilane) , TMOS 

(tetramethoxysilane) , OMCTS (octamethyleclotetrasiloxane) , and 
DADBS (diaceloxyditerliarybutoxsilane) . These materials are 
carried in a solvent fluid carrier such as MIBK (methyl 
isobutyl ketone) . One of the more commonly used silicon-based, 
low dielectric constant materials is HSQ (hydrogen 
silsesquioxane) in MIBK solvent. A low dielectric constant 
material has a dielectric constant below 2.8 and is used to 
reduce capacitance effects which slow the operation of 
integrated circuits. Other low dielectric constant materials 
can be used. 

(13) The seed layers 228 and 234 and conductor cores 230 and 236 
are of materials such as copper, copper-base alloys, gold, gold- 
base alloys, silver, silver-base alloys, and a combination 
thereof . 
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(14) The method for manufacturing an integrated circuit having 
superconductor material barrier layers includes depositing the 
4:L?A?£trlc layer 2 08 over the semiconductor substrate by spin 
deposition. 

(15) After processing the dielectric layer 208 to harden it, a 
photolithographic process is used to form an opening in the 
dielectric layer 208. An ammonia (NH.sub.3) plasma treatment is 
used to treat the low dielec^ constant dielectric material in 
preparation for the deposition of the superconductor material 
barrier layer 226 to line the opening. 

(16) The superconductor material barrier layer 226 is deposited 
as a conformal barrier-liner by such processes as laser ablation 
(LA) , chemical vapor deposition (CVD) , atomic layer deposition 
(ALD) , or self-ionized plasma (SIP) deposition. In the best 
mode for sub- 0.18 .mu.m geometry copper interconnects, the 
superconductor material barrier layer 22 6 is deposited to a 
thickness of from 50 .ANG. to 300 .ANG. . 

Claims 64 to 66 are rejected under 35 U.S.C. § 103(a) as being unpatentable 
over Lopatin (U.S. Patent # 6,518,648 B1) in view of Hartner et al. (U.S. Patent # 
6,649,483 B2). 

Lopatin show the features of the claimed invention as detailed above, but fail to 

explicitly show wherein the HTS material is a rare earth Ruthenium Oxocuprate. 

Hartner et al. is cited for showing FeRam memory device. Specifically, Hartner 
et al. (figures 1 to 3D) specifically figure 2 show a semiconductor device comprising: a 
first dielectric layer 30 defining at least one aperture therein; a conductive material filling 
(within 10) said at least one aperture in said first dielectric layer; an HTS capping layer 
(within 10) over said conductive material filling said at least one aperture; and another 
dielectric layer 40 over said first dielectric layer and said HTS capping layer for the 
purpose of preventing oxidation below the surface of the substrate. 

64. The semiconductor device of claim 57, Hartner et al. show wherein said HTS layer 
is a rare earth Ruthenium Oxocuprate. 

65. The semiconductor device of claim 64, Hartner et al. show wherein said rare earth 
Ruthenium Oxocuprate is defined by the formula RuSr, (rare earth element) CuyOZ in 
which x is between about 1 .55 and 2.45, y is between about 1 .55 and 2.45, and z is 
between about 7.55 and 8.45. 

Note that the specification contains no disclosure of either the critical nature of the 
claimed dimensions or any unexpected results arising therefrom. Where patentability is 
said to be based upon particular chosen dimensions or upon another variable recited in 
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a claim, the Applicant must show that the chosen dimensions are critical. In re 
Woodruff . 919 F.2d 1575, 1578, 16 USPQ2d 1934, 1936 (Fed. Cir. 1990). 

66. The semiconductor device of claim 64, Hartner et al. show wherein said rare earth 
element is selected from yttrium. 

Therefore, it would be obvious to one of prdinary skill in the art to use Hartner et 
al.'s HTS layer to modify Lopatin's HTS layer for the purpose of preventing oxidation 
below the surface of the substrate. 



6649433 

US 6649483 B2 

Method for fabricating a capacitor 
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1. (36) In order to fabricate ferroelectric capacitors for 
applications in nonvolatile semiconductor memories having a high 
integration density, a ferroelectric material, for example 
SrBi.sub.2 (Ta,Nb) .sub. 2 O.sub.9 (SBT, SBTN) , Pb (Zr , Ti) O. sub . 3 
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(PZT) , Bi.sub.4 Ti.sub.3 0. sub. 12 (BTO) , (Ba, Sr) TiO . sub . 3 (BST) 
or the like, is used as a dielectric between the electrodes of a 
capacitor. Paraelectric materials, such as, for example, 
2. (Ba, Sr) TiO. sub. 3 (BST), can also be used. The electrode 
material is a noble metal which withstands high temperatures in 
oxygen. Appropriate materials for this are Pt, Pd, Ir, Rh, Ru, 
RuO.sub.x, IrO.sub.x, RhO.sub.x, SrRuO.sub.3, LSCO 
(LaSrCoO. sub.x) , YBa.sub.2 Cu.sub.3 O.sub.7 and high -temperature 
superconduct or s . In general, the capacitor construction 
involves, in a conventional manner, either following the 
technologically more demanding stacked principle or else 
proceeding according to the offset cell principle, which takes 
up a great deal more space. 

Claims 1-3, 7-15, 17-31 and 76-80 are allowed. 



Response 

Applicant's arguments filed 1 1/10/05 have been fully considered, but are moot in 
view of the new grounds of rejections detailed above. 

The insertion of Applicant's additional claimed language, for example, "1, 25 and 
new claims 57-80" cause for further search and consideration to make this action final. 

Applicant's amendment necessitated the new grounds of rejection. Accordingly, 
THIS ACTION IS MADE FINAL. See M.P.E.P. 3 706.07(a). Applicant is reminded of 
the extension of time policy as set forth in 37 C.F.R. 3 1 .136(a). 

A SHORTENED STATUTORY PERIOD FOR RESPONSE TO THIS FINAL 

ACTION IS SET TO EXPIRE THREE MONTHS FROM THE DATE OF THIS ACTION. 

IN THE EVENT A FIRST RESPONSE IS FILED WITHIN TWO MONTHS OF THE 

MAILING DATE OF THIS FINAL ACTION AND THE ADVISORY ACTION IS NOT 

MAILED UNTIL AFTER THE END OF THE THREE-MONTH SHORTENED 

STATUTORY PERIOD, THEN THE SHORTENED STATUTORY PERIOD WILL 

EXPIRE ON THE DATE THE ADVISORY ACTION IS MAILED, AND ANY EXTENSION 



FEE PURSUANT TO 37 C.F.R. 3 1 .136(a) WILL BE CALCULATED FROM THE 
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MAILING DATE OF THE ADVISORY ACTION. IN NO EVENT WILL THE STATUTORY 
PERIOD FOR RESPONSE EXPIRE LATER THAN SIX MONTHS FROM THE DATE 
OF THIS FINAL ACTION. 

The listed references are cited as of interest to this application, but not applied at 

it time. 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Alexander O. Williams whose telephone number is (571) 
272 1924. The examiner can normally be reached on M-F 6:30-7:00PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nathan Flynn can be reached on (571) 272 1915. The fax phone number 
for the organization where this application or proceeding is assigned is 703-872-9306. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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Primary Examiner 
Art Unit 2826 
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